SUMMARY: The ability of various bacteria, actinomycetes, yeasts and mouIds to grow on a medium containing sodium 2-keto-D-gluconate as the major carbon source was investigated. The disappearance of 2-ketogluconate during growth was followed and the ability of washed unadapted cell suspensions to oxidize this substrate (as evidenced by 0, uptake) was studied. Adapted strains were examined for the presence of a 2-ketogluconokinase; this enzyme was detected in organisms of the genera Pseudomonas, Xanthmnonas, Escherichia, Aerobacter, Paracolobactrum, Serratia, Eminia, Bacillus. Although some bacteria and yeasts consumed 2-ketogluconate during growth and washed cells were able to oxidize it (after an induction period) 2-ketogluconokinase activity was not detected in cell-free extracts, prepared from these organisms, namely : species of Agrobacterium, Corynebacterium, Schzvanniomyces, Debaryomyces, Lipomyces, Candida. Several moulds (chiefly Pyrenomycetes, Aspergillales and Fungi Imperfecti) displayed the same phenomena. A few strains grew weakly on the substrate; however, unadapted cells did not show uptake of oxygen. The remaining strains of bacteria, yeasts, moulds and all the actinomycetes were without activity on 2-ketogluconate.
The enzymes of the pathway of carbohydrate metabolism which is called the Warburg-Dickens scheme, direct oxidation or hexose-monophosphate-oxidative route (HMP), have recently been extensively investigated. They have been detected and studied in many mammalian tissues (with exceptionally high concentrations in adrenal cortex, lactating mammary gland, lymphatic tissue and rat embryo in early stages of development); in plant tissues (various seeds, spinach, pea leaves) and in micro-organisms (yeast, Escherichia coli and Aerobacter cloacae). One of us (De Ley, 1953a, and unpublished results) recently showed it to be probable that this pathway is very common among bacteria.
The discovery of a new enzyme ' 2-ketogluconokinase ' in adapted Aerobacter cloacae (De Ley, 1953c) , followed by the isolation of a new phosphate ester, 2-keto-D-gluconate-6-phosphate (De Ley, 1954 a, b) opened new possibilities to explore this field. It is the aim of the present paper to emphasize again the importance of the HMP-oxidative route in micro-organisms. We report here experiments on the 0, uptake on, and the disappearance under aerobic conditions of, sodium 2-keto-~-gluconate by a series of bacteria, actinomycetes, yeasts and moulds, selected to give a fairly representative general view of microbial taxonomy. The strains which took up 0, in the presence of 2-ketogluconate were examined for the presence of a 2-ketogluconokinase.
METHODS

Organisms used.
We used strains from the personal collection of microorganisms of one of us (J.deL.) . This collection of bacteria is perhaps unique because it contains chiefly gluconate-consuming species. We only selected moulds which were able to use D-gluconate.
For bacteria and actinomycetes the nomenclature of Bergey's Manuat (1948) was followed. A difficulty arose with some Enterobacteriaceae from the National Collection of Type Cultures (Colindale, London), since for these the nomenclature of the Report of the CoZiform Subcommittee (1949) (1930) and by a microbiological method in which calcium gluconate was oxidized by a strain of Pseudomonm putida (Harsveldt, private communication). We prefer the latter method because of its simplicity and good yield.
Growth on and consumption of 2-keto-~-gZuconate
Culture medium for bacteria. Concentrations (as yo, w/v, final concentration) :
Difco yeast extract, 0.1; KzHPO,, 0.5; NaC1, 0.5; MgS0,.7Hz0, 0.025; FeS0,.7H20, 0.025. The pH value was brought to 8.5 and the solution boiled and filtered while still hot. After cooling, ammonium sulphate was added to 0.15 yo. A concentrated solution of sodium 2-ketogluconate was separately prepared (from the calcium salt and sodium oxalate, with removal of calcium oxalate) and added to the above basal medium to have a final concentration of 0.9 %; the pH value was then adjusted to 7.2. The complete medium was sterilized by filtration, distributed in 5 ml. volumes and incubated for a few days at 30" to test sterility.
Culture medium for actinornycetes, yeasts and moulds. A modified Czapek medium was prepared consisting of (g.): NaNO,, 0.2; GHPO,, 0-1; (N&)zso4, 0.3; MgSO, . 7H20, 0.05 ; Difco yeast extract, 0.2 ; KC1, 0.05 ; FeSO, . 7H20, 0.001 ; sodium 2-ketogluconate (prepared as above), 0.9; dissolved in distilled water to 100 ml.; 1 ml. growth factor solution added; pH value adjusted to 5.6. This medium was sterilized by filtration, distributed aseptically in 5 ml. lots in test-tubes and incubated to test sterility. The growth factor solution contained (mg./100 ml. distilled water) : 0.02, biotin; 4, calcium pantothenate; 20, inositol; 4, nicotinic acid; 2, p-aminobenzoic acid; 4, pyridoxin; 4, thiamine; 2, riboflavin.
Growth conditions. The cultures were placed on a shaking machine for maximal aeration in a constant temperature room at their optimal temperature, usually 30°, occasionally 20°, 25' or 37O. Bacteria were grown for 3 days, actinomycetes and yeasts for about 1 week and moulds for 2 weeks. Yeasts and moulds were also sometimes grown without shaking. in Roux flasks.
Warburg mafiometric ezperimerzts. The micro-organisms were grown at optimal temperature for 1-52 days, harvested, washed with physiological saline and centrifuged. They were resuspended in M/SO phosphate solution (adjusted to pH 7.2 for bacteria, 5.6 for yeasts) and shaken for 3 hr. at 30' to decrease the endogenous respiration.
The oxidation of 2-ketogluconate was studied in the Warburg respirometer at 30'. Each vessel contained : 1.4 ml. suspension of bacteria or yeasts (c. 25 mg. dry weight), 0.5 ml. 0.066 M-phosphate solution (adjusted to pH 7.2 for bacteria, 5.6 for yeasts); the side arm contained 0.1 ml. water or 0.1 M-sodium 2-ketogluconate. The pH value of the contents of the Warburg vessel was roughly measured with bromthymol blue after the experiments.
Preparation of cell-free extracts of adapted micro-organisms
Cultures. These were the same as those used to establish the consumption of 2-ketogluconate. Bacteria and yeast cultures were used when 1-2 days old, mould and actinomycete cultures when about 1 week old.
Cell Gomori, 19461 for 30 min. at Oo, followed by centrifugation at 0' in a Servall angle head centrifuge at 5000 g for 1 hr. The supernatant fluid was used as the enzyme preparation. This method, and the following one, had previously been used successfully to obtain soluble 2-ketogluconokinase from Aerobacter cloacae. We used this method with all the bacteria and yeasts, and also with Morzascus ruber and Aspergillus Jlavus.
(b) Use of the Hughes block (Hughes, 1951). The micro-organisms were introduced into the block previously cooled to -20'. They were crushed after a few vigorous blows with the Denbigh fly press and suspended in either 0-05 M -T~~s solution (pH 7.4) or 0.01 M-phosphate buffer (pH 7.4). Microscopical observation showed that nearly all cells were disrupted. Either the supernatant fluid after centrifugation, or the entire mass of debris was used, Some bacteria, yeasts, actinomycetes, Newospora sitophila and Aspergillus Jlavus were subjected to this treatment.
(c) The Mickle disintegrator (Mickle, 1948 Paper chromatographic estimation of 2-ketogluconokinae activity (De Ley 1954a, b) . The reaction mixture contained in 3 ml.: 0.3 ml. enzyme preparation; 24 pmole Mg++; 30 pmole NaF; 15 pmole 2-ketogluconate; 24 pmole ATP; 0.75 ml. 0.2 M-Tris buffer (pH 7-4). Every hour, for 3 hr., a sample (80 pl.) was spotted, after de-cationization, on pre-washed Whatman paper no. 1 and chromatographed with a mixture of methanol (6 vol.) + concentrated ammonia solution (sp.gr. 0.880; 1 vol.)+water (3 vol.) at 4". The developed chromatogram was sprayed with the o-phenylenediamine-HC1 spray, which revealed the 2-keto-~-gluconate-6-phosphate specifically, as a violet spot.
RESULTS
The results obtained with organisms able to metabolize 2-ketogluconate are summarized in Tables 1-3 ? As indicated by intensity of chromatogram spot for 2-keto-~-gluconate-6-phosphatequinoxaline : -= no detectable kinase activity up t o 3 hr. ; n t =not tested. Compare Table I . 
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showed that the unadapted strains which were able to grow on 2-ketogluconate could be divided into two distinct groups with respect to oxygen uptake.
(i) Strains which consumed oxygen when 2-ketogluconate was substrate always did so after an induction period. The 2-ketogluconokinase of Aerobacter cloacae K 3 is an adaptive enzyme (De Ley, 1953~) . Figs. 1 and 2 illustrate the kind of oxygen-uptake curve which was obtained.
(ii) The second group of organisms contained those which, although able to grow poorly or moderately on 2-ketogluconate and partially to decompose it, did not show an oxygen uptake in Warburg experiments with 2-ketogluconate as substrate. The moderate growth in these cases appeared to be due to the selection of mutants during growth. The problem was investigated further by the study of the distribution of 2-ketogluconokinase in a carefully selected set of strains. A survey of these results shows that this soluble enzyme was present only in some of the bacteria examined; its absence from some 2-ketogluconate-metabolizing bacteria, yeasts and moulds was striking. Since we worked only with centrifuged extracts of alumina-ground cells in Tris buffer, it was possible that the enzyme in these strains was inactivated by this treatment or was bound to particles. We therefore used other disintegration and extraction methods (see Methods). Certain micro-organisms were disrupted by more than one method : Corynebacterium helvolurn (alumina, Hughes block), Cundidu ulbicuns (alumina, Hughes block, Mickle), moulds (see Table 3 ). We used both crude suspensions and the supernatant fluid obtained after centrifugation. We never observed even the slightest spot of 2-keto-~-gluconate-6-phosphate on the chromatograms. This showed that the enzyme was not bound to particles. Since it is known that several enzymes require inorganic phosphate for normal activity, we substituted phosphate buffer for Tris, again however without result.
DISCUSSION
Enterobacteriaceae. Nearly all the members of this family are able to grow on 2-ketogluconate, to oxidize it and to form adaptively a 2-ketogluconokinase. All the Enterobacteriaceae tested grow well on gluconate (De Ley, 1953a, c) . Proteus vulgaris seems unable to form this enzyme. Among the Erminia the enzyme activity is very small, which explains the absence of 0, uptake. Although the formation of 2-keto-~-gluconate-6-phosphate by adapted Klebsiellu spp. was not investigated (because of its high virulence) the presence of this enzyme here may also be taken for granted. It has been shown that Escherichia coli (McNair Scott & Cohen, 1951) and Aerobacter cloacae (De Ley, 1953a-c) possess the enzyme system for the HMP-oxidative route. From the present results it may fairly be generalized that nearly all, if not all, the members of the family Enterobacteriaceae possess this metabolic pathway (with the possible exception of Proteus, Salmonella and Shigella; the last two are not yet investigated).
Aerobic Bacillaceae. We observed previously that many organisms of this family are able to use gluconate (De Ley, 1953a). Although several species are able to use 2-keto-gluconate, Bacillus megateriurn is the only one which shows adaptive formation of a 2-ketogluconokinase. In a preliminary note De Donder (1952) showed that both B. subtilis and B. megaterium possess a TPN-linked gluconate-6-phosphate dehydrogenase. All these facts are in favour of the view that in some members of this family also an HMPoxidative route is present, or at least a very similar one.
Pseudomonas and Xanthomonas. It was interesting to find in the Bacillaceae 2-ketogluconokinase, although it was irregularly distributed among the different species. Schwert, 1954) presumably after the initial formation of 2-keto-3-deoxygluconate-6-phosphate. Paper chromatography revealed that both Pseudomonas and Xanthomonas formed an unidentified reducing substance during 2-ketogluconate metabolism.
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Bacteria which co1zszL?1ze 2-Eetogluconute but do not possess a soluble 2-Eetogluconokinase. One strain of Agrobacterium turnefaciens and four Corynebacteria spp. occurred in this group. The mechanism of 2-ketogluconate metabolism by these strains is obscure and is discussed later.
Yeasts and moulds. Table 2 shows that only four yeasts from the collection tested were able to consume 0, when 2-ketogluconate was the substrate. This oxidation occurred only after the formation of some adaptive enzyme which was not the normal soluble 2-ketogluconokinase. This same property is also common among moulds; it seems to be found chiefly among members of the pyrenomycetes, Aspergillales and Fungi Imperfecti. It is now clear that these yeasts, moulds and the above-mentioned bacteria do not possess a normal soluble kinase, activated by ATP and Mg++. The exact mechanism is still obscure. Several explanations are possible: e.g. the presence of a kinase which requires a dif€'erent activator or coenzyme, or an entirely new and unsuspected mechanism. The suggestion that some coenzyme or activator is lacking seems justified when it is remembered that these intact adapted micro-organisms rapidly decompose 2-keto-gluconate, whereas the same cells, when disintegrated, leave it completely unattacked. This problem requires a separate investigation. It will be interesting to explore this problem further, since it is well known that brewer's and baker's yeasts possess the prototype system of the HMP-oxidative route, which also seems to be present in some moulds (Koffler, 1958) .
Micro-organisms unable to decompose 2-ketogluconate. The remaining yeasts, moulds, bacteria and all the actinomycetes occur in this group, as summarized at the beginning of the section headed Results. The inability to demonstrate decomposition of 2-ketogluconate by these micro-organisms does not preclude the possible presence of an HMP-oxidative route.
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